
 SUBJECT:

 TO:

 FROM:

MEMORANDUM
NAVAL RESEARCH LABORATORY

 REPLY TO
   ATTN OF:

 DATE:

HQ-NRL 5216/30 (5-04)

 



NAVAL RESEARCH LABORATORY

VASHINGTOH 20, D.C.
-j

i
'4$

A

4
&

.4

Approved by:

E.A. Ramskill - Head, Protective Chemistry Section

Dr. P. Bor.strom Cotnodore H.A. Schade, USN

Superintendent Director

Chemistry Division Naval Research Laboratory

Preliminary Paoes.••..... ... a-c
Numbered Pe.•....."...20
Tables*..... .... .... ,....... I

Distribution List...,....... d

I By authorityCHUAISRY DIVISION - PROTECTIVE CHEKASTRY SECTION

15 May 1946 . 3

CHALBER TESTS V':ITH HWAN SUBJECTS Wred by

XX HYPERSNSITIV1TY TO H AS DWONSTRATED
BY PATCH TESTS BEF(RE AND AFTER

CHAýMR EXPOSURZ TO H VAPOR.

J. H. Heinen, Lt. Co~ir,":MG (S) USNR
H.W. Carhart
W.H. Taylor
B. N. Stolp, Lt. USNR
J. C. Conner, Jr,, Lt. USN4R

N. if. Clausen, Lt. USNR

Report No. P-2760 APPRO
CONFIDEWAL RELEASI

* * * L

- a,-wNRL Problem No. P-60

VED FOR PUBLIC
- DISTRIBUTI

INLIMITED

7-7777ý T,

�.3.

I



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
15 MAY 1946 2. REPORT TYPE 

3. DATES COVERED 
  00-05-1946 to 00-05-1946  

4. TITLE AND SUBTITLE 
Chamber Tests with Human Subjects XX. Hypersensitivity to H as
Demonstrated by Patch Tests Before and After Chamber Exposure to H
Vapor 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Research Laboratory,4555 Overlook Avenue 
SW,Washington,DC,20375 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

51 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



ABSTRACT

A series of sensitivity tests on men before and

after exposure to H vapor is described in this report.

Doses of 1, 1/2, 1/4 and 1/8 micrograms of H in mineral

oil, worn as closed patches on the forearm for four

hours, represented a satisfactory subvesicant level

for determining altered sensitivity. The intensity

of reaction to patch tests by previously unexposed

men showed a marked variation directly proportional to

the outside effective temperature at the time the patches

were worn. In addition to erythema, edema and/or

folliculitis were observed in only 2 of 230 men tested

prior to exposure to H vapor. After exposure, 26% of

169 men manifested edema and/or folliculitis to patch

tests. These men were arbitrarily considered "sensitized".

This sensitized group also showed a more intense erythema

for each dose and a lower threshold dose for perceptible

erythema than the non-sensitized group. Cases of

abnormal generalized skin reaction following exposure

to H vapor in the man-chamber are discussed. Eight

kodachrone prints, illustrating pertinent features, are

included.

CONFIDENTIAL

I



TABLE OF CONTENTS

ABSTRACT ------------------------

INTRODUCTION---------------------------- -----

A. Authorization----------------- ------
B. Statement of Problem- - -----------
C. Known Facts Bearing on the Problem
D. Theoretical Considerations

EXPERIMENTAL---------------------

Part I. PROCEDURE- - --------------

b

1

1

2

3

3

A. Test Subjects- - ------------- 3
B. Chamber Tests- - ------------- 4
C. Chamber Test Readings and their Eval-

uation- - ---------------- 4
D. Patch Tests (Sensitivity Tests)------ 5
E. RegLding of Patch Tests,----------- 6
F. Evaluation of Patch Tests- -------- 6
G. Thresholds for Reaction of Intensity 2 - 7
H. Temperatures at which Patch Tests were

Performed --------------------------- 7

Part II. RESULTS- - --------------- 7

A. Introductory Remarks- - ---------- 7
B. General.Remarks 8
C. Average Total Reactions to Patch Tests - - 9

1. Initial- - -------------- 9
2. Final-- --------------- 9
3. Second Pro-exposure (repeated initial)

Tests -i------------------------ 10
D. Differences in Average Total Reactions

to Patch Tests as Compared with Differ-
ences in Effective Temperatures at the
Time the Tests were Performed - - - - - 11

E. Average Reactions for a Given Test Dose - 12
F. Changes in Threshold ------------------ 12
G. Abnormal Skin Reactions Following Chamber

Exposures to H Vapor ---------------- 13

DISCUSSION ------------------------------------- 15

SUMMRY AND CONCLUSIONS ------------------------- 18

RECOM-MENDMMTIONS --------------------------------- 19

ACKNOWLEDGEMENT --------------------------------- -20

DISTRIBUTION ------------------------------------ 4

CONFIDENTI'.L -c-

r

5' &

pow

I



INTRODUCTION

A. Authorization

1. This work was authorized under Project No. 547/41,
"Maintenance, Bureau of Ships" dated 16 December 1940.

The problems which were proposed for study were given
in BuShips letter S-S77-2(dz), serial 811 of 17
December 1940.

2. Participation of volunteer Naval personnel in
the tests for the study of vesicant gases,was approved
by the Secretary of the Navy (Acting Sec. Nay. ltr. to
,OSRD dated 8 May 1942). Performance of such tests at
the Naval Research Laboratory was approved by the Chief
of the Bureau of Medicine and Surgery (BuMed ltr.
Serial No. 446 X:OA All/ENlO(430320)(SC) dated 20
March 1943.

B. Statement of Problem

3. k method for the quantitative estimation of the
variation in skin sensitivity to H would be useful
not only for testing previously unexposed individuals
but also for investigating possible changes in
sensitivity as a result of exposure to H vapor in the
man-chamber. Reports on several different tests are
available in the literature but there is considerable
variation in the results obtained, especially as regards
the threshold dosage for erythema in normal or in
sensitized men. It was felt that the men employed as
test subjects for testing protective clothing against
1I who usually sustained an intense generalized erythema
would be excellent subjects for sensitivity tests.
Such data would be obtained incidental to and with no
interference with the clothing testing program; and
since these tests would be carried out during varying
outdoor and indoor climatic conditions, it might be
possible to evaluate the effect of such conditions on
the results of the sensitivity tests. Most of the
studies in the literature describe tests on exposed
men as compared with similar tests on an unexposed
control group. Very few large-scale studies are reported
in which tests were carried out on the same individuals
before and after exposure to H. It was ?elt that the
chamber testing program at NRL offered a unique
opportunity to carry out such tests on the same
individuals,
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C. Known Facts Bearing on the Problem

4. 'Viell known is the fact that the skin of certain
individuals will not tolerate contact with amounts of
various substances which are used with impunity by the
majority of the population. Such individuals are said
to be hypersensitive to these substances. Although
many maintain that previous exposure is necessary to
develop hypersensitivity, such a history is not always
evident.

5. Equally definite is the fact that some individuals,
through known repeated contacts with a substance, may
become sensitized to it and no longer tolerate these
contacts. Such hypersensitivities are manifested in
increasing order of reaction intensity by erythema,
edema, vesiculation, crusting and the other concomitants
of dermatitis venanata.

6. The possibility of the development of hypersensi-
tivity to H is a generally accepted fact. It has been
reported for casualties of World War I as well as for
laboratory and factory workers who have been repeatedly
exposed. A review of the literature and original observa-
tions are presented by Sulzberger, et al, in Volume III
of the Fasciculus on Chemical Uvarfare Medicine prepared
for the CMR by the Cormmittee on Treatment of Gas
Casualties, 1945. According to them "the incidence of
hypersensitivity subsequent to exposure varies from
about 30% to about 65%".

7. During the course of the program for testing
protective clothing in the man-chamber at this
Laboratory, occasional individuals were observed who
sustained abnormal reactions following exposure to H
v~apor. In view of these cases, which will be further
discussed below, it became evident that a method of
testing for hypersensitivity to H would be highly
desirable.

D. Theoretical Considerations

8. The patch test, in which suitable dilutions or
amounts of a substance are worn in contact with the
skin for varying lengths of time, offers one of the
simplest means of testing for epidermal hypersensitivity,
A positive response consists of erythema, edema,
vesiculation, and crusting in increasing order of
intensity of reaction.

CONFIDENTIAL
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9. Most substances tested by the allergist provoke

little or no reaction in the so-called normal skin so

that interpretation of positive tests is relatively

simple. However, in sufficient amounts, H causes

reactions on the skin of any individual which resemble,
or appear identical with, those of a positive patch

test. Hence, development of a suitable patch test

for H will require a critical adjustment of dosages

to be able todetect small changes of threshold or

increase in sensitivity as distinct from the normal
reaction.

10. Since cutaneous reactions to H are influenced
very markedly by external conditions, especially
temperature and relative humidity, these factors
should be given careful consideration in the interpre-
tation of the results. Evidence was presented in NRL
Report No. P-2579, dated 14 "ugust 1945, which indicates
that the effects of temperature and relative humidity
on the susceptibility of the skin to H vapor are
exerted indirectly -- apparently by the influence which

they exert on the sweating mechanism.

1. Terminology

11. In NRL Report No. P-2579, the term "susceptibility"
was used throughout to refer to the relative vulnerability
of the skin to the effects of H vapor under varied
conditions of temperature and relative humidity. The
terms "sensitivity" and "hypersensitivity" were assid-
uously avoided because of their usual connotation in
the field of allergy. However, in the present report,
it is felt that some of the changes in vulnerability
are closely related to a true sensitization so the
liberty is taken of using these terms. The justification
for this is reconsidered in the DISCUSSION. Variations
in reaction caused by alterations of temperature and
relative humidity are still referred to as changes in
"susceptibility". Thus, theoretically, both a normal
and a hypersensitive individual might show variati6n
in susceptibility under altered physiological conditions.

EXPERIMENTAL

Part I. PROCEDURE

A. Test Subjects

12. It was not considered practicable to expose a
sufficiently large series of men to H vapor under
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uniform conditions solely for the purpose of
determining possible glterations in reactions to patch I
tests. But it was felt that by performing routine
tests, before and after chamber exposure, on the men
employed in testing the various types of protective
clothing, sufficiently useful data could be obtained
to warrant the procedure worthwhile.

13. The men who participated in these tests were
volunteer Naval personnel from USNTC, Bainbridge,
Mairyland, and were usually seamen, second class, from
eighteen to twenty years of age who had just completed
their "boot" training. Drafts (i.e. groups) 75 to
82, each consisting of about thirty men, were employed
in these tests during the period from 28 May 1945
to 5 September 1945 (Table 1).

B. Chamber Tests

14, The procedure for the chamber tests with H
vapor has been described in detail in NRL Reports
No. P-2208 dated 22 December 1943 and No. P-2579
dated 14 iaugust 1945. Since the data for these test
subjects as related to protective clothing, etc., has
been presented in other reports from this Laboratory,
only data pertinent to the main thesis of this report
will be included.

15. The chamber tests in which these subjects
participated were of two main types: (1) basic,
in which masks and dungarees were worn; or (2) tests
of protective clothing of various types. In the
second class, protective suits (either CC-2 impregnated
or carbon types), CC-2 impregnated gloves and socks
were worn as well as masks, All the subjects included
in this report wore C(--2 impregnated shorts during
exposure in the chamber, The type of test, the CT
employed, the number of exposures, and the resulting
reactions are listed in Table I.

C. Chamber Test Readings and their Evaluation

16. The men were inspected daily by a medical officer
for four to eight days or longer after exposure. A
list of the abbreviations employed is presented in
Table X and the maximum reading on any part of a given
area is listed in Table I. These readings were
assigned arbitrary values according to the scale in
current use at this Laboratory:
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0 - no reaction

1 - mild erythema

2 moderate erythema

3 intense erythema

4 a. erythema with edema

b. dry scaling of scrotum

c. maceration of axillary skin

5 a. vesicle

b. numerous pinpoint vesicles

c. crusting or ulceration of scrotum or axilla.

These data are presented in Tables II and III according

to the following categories: (1) Maximum reading for

the individual regardless of area; (2) Total reaction,
which represents the sum of the readings listed for any

of the 18 areas; (3) Per k.A., which represents the
average reaction per area affected by the H vapor, or,

in other words, the total reaction divided by the
number of areas affected. Readings listed in Table I i

for the various body areas which are underlined .

indicate that not only an erythema of that intensity

was present but that it was accompanied by a follicular

reaction.

D. Patch Tests (Sensitivity Tests)

17. Solutions of redistilled thiodiglycol mustard(H)

in -ineral oil were prepared so that one (1) drop as

delivered by a blunt No. 26 gauge hypodermic needle

contained one (1), one-half (1/2), one-fourth (1/4),
and one-eighth (1/8)_micrograms (gamma) of H

respectively. The size of the drops delivered by each

needle was calibrated gravimetrically and the same

prepared fresh before each test and were applied within

an hour of preparation. One drop of each solution was

placed on a separate disc of filter paper one (1)

centimeter in diameter which was then worn for four (4)

hours on the volar surface of the forearm covered by

a strip of adhesive tape one inch wide (closed patch),

The test doses were applied in sequence so that the

largest dose was applied proximally and the smallest
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distally, initial tests were always performed on the

right arm; finals, on the left.

E. Reading of Patch Tests

18. The tests wore read. -t approximately twenty-four

(24) and forty-eight (48) hours after application of '

the patches. At the time of removal of the patches,
the skin was not treated in any way. Since the graded

test doses employed usually gave a range of readings

on the initial tests of intense erythema to questionable

erythema, it was decided to assign numerical values
to the readings proportional to the fraction of a

microgram of H employed. Erythema accompanied by

edema, that is, a visible or palpable elevation of the

skin, was arbitrarily given a value of double that for
intense erythema.

16 = erythema accompanied by edema

8 = intense erythema

4= moderate erythema

2 = faint orythema.

1 = questionable erythema

0 = no reaction (left blank in Table 1)

An underlined numeral in Table I signifies that the
reaction, that is, erythama located mainly at the hair

follicles with intermediate skin little or less affected.

F. Lvaluation of Patch Tests

19. In Tables II a-nd III, the sum of the readings
(eiach of' which was maximum at 24 or 48 hours for a given

dose) are presented for the initial (I) and final

(F) tests. In order to give follicular reactions
additional weight, the underlined figures, indicating I ,
follicular reaction, were arbitrarily doubled in value
in taking this sum except in those cases where edoma
was also present. It was felt that in this latter
case the factor of possible sensitization had been
given additional weight already. In order to obtain
a vIue for the final test which did not include
additional weighting for edema or folliculitis, a value

CONFIDENT-L.f, - 6 -
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Fx was calculated in which readings of 16 were assigned

their erythema value of 8 and underlined figures were lM

not doubled in value. These Fx values are listed in 1"

Table IV. II

G. Thresholds for Reaction of Intensity2

20. The lowest dosages to give a faint erythema

(value of 2) are taken as the threshold and are listed

in Tables II and III. If a figure is preceded by an

L, meaning "less than', it indicates, as shown in

Table I, that the lowest reading (except 1) was greater

than a 2. Since in this case the threshold is probably

lower, such subjects were included in the group having

a threshold of next lower dosage. For example, if on

a given subject the 1/8 microgram dose produced a

moderate erythema (value of 4), the threshold for this

subject was arbitrarily taken as 1/16 micrograms of H. II

H. Temperatures at which Patch Tests were Performed

21. The indoor and outdoor temperature and relative I

humidity were determined hourly during the period in

which the patches were worn and are listed in Table V.

Since variations in teraperature and relative humidity
both influence sweating which, in turn, influences

susceptibility to H, the effective temperature (outdoor,

for wind velocity = 0), as employed by heating and venti-

lating engineers, was used in considering the effects of

temperature end relative humidity on the reactions to
patch tests (Table V).

Part II. RESULTS

A. Introductory Remarks

22. The results of the tests have been collated under

the following main headings:
A. General Remarks '

B. Averago Total Reactions to Patch Tests.

1. Initial
2. Final
3. Second Pre-exposure (Repeated Initial)

Tests.
C. Differences in Average Total Arm Reactions as

Compared with Differences in Effective
Temrceratures at the Time the Tests were
Performed

CONFIDENTIA.L -7



D. Average Reactions for a Given Test Dose

E. Changes in Threshold

F. Abnormal Skin Reactions Following
Chamber Exposure to H Vapor.

B. General Remarks

23. The reactions to the test doses employed were
always within the range of erythema with edema (16)
to questionable erythema (1). In no case was
vesication observed on either an initial or a final
test following the technic for patch tests described
above. Maximum reactions (i.e. maximum at either
the 24 or 48 hour readings) for all patch tests are
listed in Table I.
24. An illustration showing the general type of

response to initial patch tests is presented in Plate
1; however, the erythema is not reproduced quite as
intensely as it actually was. Far more accurate are the
illustrations in Plates 2 and 3 showing the reactions
of a hypersensitive individual to patch tests. This
degree of edema is as great, or greater than, that •:

observed in any other individual tested.

25. Of 230 men who received initial tests, only two
showed erythema accompanied by edema. One of these
subjects manifested a similar reaction on his final
test; the other did not. Since this is definitely
an atypical reaction to an initial test, these values
are not included in the averages.

26. A total of 169 men received patch tests both
before and after exposure to H vapor in the chamber.
Edema. and/or folliculitis were present in 44, absent
in 125 of the final tests. Of these 44 tests, 25 were
accompanied by edema, 15 by edema with associated
folliculitis, while 4 manifested folliculitis alone.
In subsequent discussion and in the tables, these 44
men are arbitrarily referred to as "Sensitized" whereas
those 125 are designated as "Non-sensitized". The
validity of such terminology is further considered
in the DISCUSSION.

27. The intervals between the last chamber exposures
and the final patch tests are listed in Table 1.
These show an average of 15 days for the sensitized
as compared with 14.5 days for the non-sensitized.

CONFIDENTIAL - 8 -
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Thus the two groups show no appreciable difference in

this respect. ¼

28. Most of the men considered in these tests were

subjected to repeated chamber exposures wearing masks ,
and a given type of protective clothing until they

sustained an intense erythema (i.e. until the suit
"broke") . 1lmost all the men who later showed edema
and/or folliculitis on the patch test had sustained a
moderate or intense generalized erythema from the
chamber test; however, there was no apparent correlation
between the intensity of chamber reaction and subsequent
development of hypersensitivity. It should be added
that an adequate series with graded intensities of
chamber reactions was not available in this series
of patch tests.

C. Average Total Reactions to Patch Tests

1. Initial

29. The average total reactions of the groups to
initial (Pre-exposure) patch tests are listed in
Table V with the dates on which these tests were .! 4'

performed and the average outdoor effective temperatures
prevailing during the four hour period during which
the patches were worn. The values for these reactions
are plotted chronologically on Plate 9; and there
appears to be a trend toward more intense reactions
during the midsummer months for the initial tests.

30. However, if these same initial reaction values <,•
are plotted against the effective temperatures, as on
Plate 10, it can be seen that the intensity of reaction
shows a very definite relationship to the effective
temperature at the time the patch is worn. Since each
point on this curve represents the average value for
patch tests on about thirty men, it is felt that this
result is fairly well established. According to this
curve, a rise in effective temperature of one (1)

degree results in an increase in average total intensity
of reaction of 0.4 unit. This applies to initial tests
on men who have had no previous exposure to H.

2. Final

31. The reaction values for final (Post-exposure) 
V"

patch tests are divided into two categories: those
on men showing no evidence of sensitization (i.e. no
edema or folliculitis); and those showing evidence of

CONFIDENTIAL - 9 -



such sensitization. In comparing these two classes of
men, the Fx values are employed for the men showing
evidence of sensitization. This Fx value has been
defined in paragraph 19 and the values have been it

listed in Table IV. Briefly, it represents a score

in which no additional weighting is added for edema
or folliculitis, only erythema of varying degrees it
being assigned value. It facilitates comparison of I
initial and final tests with regard to possible
differences in intensity of erythema. When plotted
chronologically, as in Plate 9, the values for the
unsensitized men lie in fairly close proximity to
those for the initial tests whereas .those for the
sensitized men are consistently higher. The points
on the curve for the final tests do not represent as
many men as those for the initial so that these points
are not as firmly established.

32. On Plate 11, the final reactions are plotted against
the effective temperatures. The slope line for the
initial tests (Plate 10) is included. The values for
the unsensitized men are fairly close to those for the
initial tests. Some temperature effect is evident but
is not as consistent as for the initial tests. The
final tests on the sensitized men s-how consistently
higher values than those for the initial tests or for
those on the non-sensitized men. No consistent
temperature effect is evident.

33. It is of paramount importance to compare the values
for the initial tests on the men who subsequently
became sensitized with those who did not to see if
there was any fundamental difference before chamber
exposure. These two categories of initial tests are
listed in Table V and averaged in Table VII. The
values of 11.7 for the non-sensitized as compared with

11.0 for the sensitized are considered sufficiently
close to indicate that both groups started from the
same initial baseline. The average temperatures at
which the patches were worn were 770 F. and 75 0 F.,
respectively.

3. Second Pre-exposure (Repeated Initial) Tests

34. Initial tests were performed on a group of men and
were then repeated about two weeks later with no
exposure to H in the chamber during the intervening
period. These results dre presented in Table VI.
The difference between the first (average = 15.8, at
850F.) and the second (average = 13.2, at 780F.)
are adequately explained by the differences in
temperature since both these points lie in proximity

CONFIDENTL L - 10 -
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to the temperature curve established on Plate 10.
If the correction of 0.4 unit change in reaction per
degree rise in temperature (Paragraph 30) is applied li
to the 13.2 value, it becomes 16.0 which is in complete
agreement with the results obtained at 850F. Thus, i.
the responses of this group of men to the patch tests
were not appreciably altered by living about two weeks
under the conditions maintained at the Laboratory
and without exposure to H vapor, nor was there any
apparent sensitization caused by the first patch test.

D. Differences in Average Total Reactions to Patch
Tests as Compared with Differences in Effective
Temperatures at the Times the Tests were Performed

35. Because of the individual variation in intensity
of reaction to initial patch tests and because of the
very definite relation of the intensity of reaction to
temperature, it was felt that the most significant
analysis of these data would be one in which the
differences between an individual's reaction before and
after chamber exposure would be compared with the
differences in the temperatures at which the patch
tests were performed. These differences are listed
for the sensitized men in Table III and for the non-
sensitized men in Table II. The overall averages for
these differences for the various categories of men
are listed in Table X and have been plotted on Plate
12.

36. It is evident that differences in temperature
exert a definite influence on the intensities of
reaction. If the average differences for the men
showing a positive change in reaction and for those
showing a negative change in reaction are calculated,
a line may be drawn which shows the average change
in reaction per degree (*F.) change in temperature.
This change for the initial tests is 0.39 units/degree
which is in very good agreement with the value of
0.4 obtained in paragraph 27. The values for the
sensitized men are 0.28 if the F values are used and
0.31 if the Fx values are used. Thus changes in
temperature influence the reactions of sensitized
as well as non-sensitized men.

37., It is evident in Plate 12 that the curve for the
sensitized men lies well above that for the non-
sensitized for any given temperature difference. This
would be expected since the scoring system gives
increased value for edema or folliculitis. But if
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the Fx values are used, no such extra value is given;
and the line still lies well above that for the initial
tests. The sensitized men show an average increase in
intensity of reaction as shown by erythema alone without
considering edema and folliculitis.

38. The values for the patch tests on the men who were
exposed in the chamber to EN3, but actually received
little or no reaction, lie near the line for the non-
sensitized men (Plate 12). It should be reiterated
that the reactions of these men to HN3 were too mild to
draw any conclusions as to the presence or absence of
cross sensitization to H.

E. Average Reactions for a Given Test Dose

39. The average reactions for a given test dose are
presented in Table XI and plotted on Plate 14. A nice
gradation in intensity of reaction proportional to the
size of the dose is evident. The reactions for the '4
initial tests on either the sensitized or non-sensitized
men are nearly identical. The reactions to the final
tests of the non-sensitized men lie in close proximity
although slightly above those of the initial tests.
On the other hand, the final reactions of the sensitized
men are markedly greater for any given dose than for the
non-sensitized. Since the maximum scoring value used t
was 8 (only intensity of erythema was considered with
no extra value for edema and/or folliculitis), the curve
for the finals on the sensitized men shows an apparent
falling off as it approaches 8. This is an artefact
dependent on the arbirtary scoring system. Since the
overall average temperatures at which the tests were
performed were identical for the sensitized and the
non-sensitized men, these average reactions may be

compatred as above without correction for temperature L
F. Changes in Threshold

40. The threshold doses to cause an erythema of intensity
2 are listed in Table II for the non-sensitized and
Table III for the sensitized men. These data are
summarized in Table VIII and are compared with similar
data for chamber reactions, total reactions to patch
test, and temperatures in Table VII. The data from
Table VIII have been summarized in Table IX to show the
percentages of the men reacting to a given dose with an
intensity of 2 or more. These percentages are plotted
on Plate 13.

CONFIDENTIAL - 12 -



41. From Table VII, it can be seen that the average
initial thresholds were 0.36 micrograms (at 750F.)
for the nonsensitized and 0.35 micrograms (at 790F.)
for the sensitized men. Hence, the thresholds of the

two groups of men before exposure to H in the chamber
were as nearly identical as could be expected. The
thresholds for the final tests were 0.28 (at 76.59F.)
for the non-sensitized and 0.14 (at 76.50F.) for the
sensitized men. The average threshold had been
lowered for both groups but especially in the case of
the sensitized men, The average temperatures at which
the tests were performed were quite comparable for the
two groups and do not provide an adequate explanation
for the marked changes in threshold.

42. From Plate 13, it is also evident that the
thresholds expressed as percentages reacting are •$4
approximately identical for the two groups initially.
The final tests on the non-sensitized men show a slight
lowering of threshold whereas there is a marked lowering 4
for the sensitized men. The level at which 50% of
the men show a faint erythema is below 1/8 microgram
for this latter group, indicating that most of the men
in this group showed a reaction of greater than 2 to
the 1/8 microgram dose.

G. Abnormal Skin Reactions Following Chamber 4
Exposure to H VaporI

43. The usual ("normal") reaction to H vapor was a
relatively uniform generalized erythema. In the more
intense reactions, the erythema was accompanied by
edema; but the reaction was again uniform. On the
other hand, some individuals manifested a maculo-
papular follicular type of reaction which was distinctly
different from the above. This follicular type of
reaction can be seen by close scrutiny of the illustra-
tions in Plates 4-8.

44. While there was no difficulty in recognizing the
two types of extremes described above, there was
considerable difficulty with very mild follicular type
of reactions. These were accompanied by very little
edema, frequently became confluent, and subsequently
appeared like the "normal" reactions. Such reactions
were commonest in the popliteal and cubital fossae.
Their classification varied somewhat with the examining
medical officer. Cases like those in the illustrations
offered no difficulty and all agreed they were atypical
reactions.
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45. h~vailable data do not permit a satisfactory
correlation of the atypical chamber reactions with the
si4bsequent final patch tests. Patch tests were 1
initiated quite late in the chamber testing program
and relatively few of the men observed with marked
follicular type of reactions had patch tests. Some of
the subjects in Table I designated as having follicular
reactions to chamber tests actually had very mild ones.
Of 169 men who received pre- and post-H-exposure patch
tests, 25 men (15%) had shown some follicular reaction
following their chamber tests. Of these 25,men, 11

(44%) showed edema and/or folliculitis on patch tests.
Hence the patch tests, performed about two weeks after
the chamber tests, do not correlate well with the
abnormal reactions to chamber tests. It is felt that
the data as regards time to develop an abnormal reaction
to patch test and the time of persistency of this abnormal
reaction are inadequate to permit conclusions on this
point.

46. Most of the test subjects employed in the NRL
clothing tests were subjected to repeated exposures
in the chamber wearing protective clothing and masks. Ait
When the man sustained an intense erythema on any part
of the body, the suit was considered to have "broken" H
after that many exposures. Almost all of the men who
developed follicular types of reactions were in this4
type of clothing test, i.e. subjected to repeated
exposures (2-12) and received repeated small doses
through the clothing until the erythema level was
reached. The follicular reaction was usually not
evident until 48 to 96 hours after the last chamber
exposure. These reactions might occur on any part of
the body or be generalized (See Plates 4 and 5), but were
most frequent in the cubital fossae, popliteal fossae,
latoral and ventral thorax. From the above illustrations,
it is evident that these reactions were usually
observed on sites which had sustained an erythema from
H and were not conspicuous on the more protected,

unaffected skin. In Figure 4, it is evident that
the areas covered by the protective shorts and suspenders,

and the interscapular area on which the cannister
of the Navy mask rested, are free from the maculopapular
erythema.

47. It may be added here, parenthetically, that most
of the men who were tested wore CC-2 impregnated pro-
tective gloves which covered the forearms on which the
patch tests were run. The forearms were much less
affected by the chamber tests than the rest of the body.

CONFIDENTIhL - 14 -



It is not clear whether hypersensitivity to patch A
tests (forearm) is due to the effect of a mild local I
reaction to H from leakage through the impregnated
gloves or whether it represents an effect transferred
to the skin of the forearm from the more seriously
affected areas. f

48. Although most of the generalized follicular types
of reactions to chamber tests occurred in men vho had
received several exposures, such reactions also
occurred in a few men who had received only one
exposure (i.e. in basic tests or after wearing a
protective suit which "broke" after only one exposure).
Such men had always sustained at least a moderate or
intense erythema. The atypical reactions developed
48 to 96 hours following the chamber exposure.

DISCUSSION

49. Vvhile there is almost universal agreement that
true sensitization to H may occur, the methods and
criteria for determining this have been somewhat
varied. From the most recent review on this subject
by Sulzberger, et al, (paragraph 6), it is evident that
the most frequently used method of testing is the 4
"drop" method, i.e. theapplication of drops of various -Av
dilutions to the skin and allowing them to remain there
without cover. The solvent used has frequently been
benzene although absolute alcohol or mineral oil have
also been used. Sulzberger, et al, have used patch
tests in testing for hypersen-siti Vity to lewisite.

50. Regardless of the test, the criteria for hyper- t
sensitivity are critical. Most workers have employed
the threshold dose for erythema as the baseline from
whiX: to reckon an individual's susceptibility or
sCI, Jivity. Subjects who react to a dilution
sigriificantly below that to which normals just react,
are said to be hypersensensitive or to have been
sensitized. According to Sulzberger, et al, almost allJ
normals react to a dilution of 1:500 (b-enze-ne) and strong
reactions to dilutions of greater than 1:5000 indicate
a very sensitive skin.

51. It is evident that the closed patch test causes a
much more intense reaction for a given dilution than the
open drop test. This would be expected since the agent
is held in close contact with the skin, the evaporation
of the agent (H) is greatly hindered, and the sweat
beneath the patch undoubtedly increases the susceptibility.
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Converting our dosages into units comparable to those
of other workers leads to the following approximate
scale:

1 microgram = 1:5000 Weight/Weight*..

1/2 microgram = 1:10,000

1/4 microgram = 1:20,000

1/8 microgram 1:40,000

Since our threshold for unsensitized men was about
0.35 micrbgrams (1:15,000) on the average (and less
than 0.25 micrograms (1-20,000) as determined by the
50% method on Plate 13), it is evident that the patch
test leads to a somewhat lower threshold than the
"drop" test.

52. In interpreting the patch tests, we have emphasized
edema and/or folliculitis as being good criteria for
sensitization. In the first place, these were observed !
in only 2 of 230 pre-exposure patch tests (0.9%). But
of 169 men who had pre- and post-H-exposure patch tests,
44 manifested edema and/or folliculitis on their final
patch tests (26%). These are criteria which are readily
observable and do not require the differentiation
of fine degrees of erythema. For any individual test,
edema is probably a simpler criterion than a change
in erythema.

53. The more frequent association of folliculitis with
edema than the occurrence of folliculitis alone on the
patch tests, and the fact that the follicular type of
reaction is conspicuous in the abnormal (probably
sensitized) reactions from chamber tests, have been the
reasons for considering both these symptons as evidence
of sensitization. It is well understood that most
dermatologists emphasize that for routine patch tests,
only edema is to be considered as indicating sensitiza-
tion whereas folliculitis does not. It is felt that in
the case of H, available evidence indicates that
follicular types of reaction with or without edema
probably also represent a sensitization.

Some workers employ volumetrically prepared solutions.

CONFIDENTIAL - 16 -
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54. Further justification for these criteria is the
fact that, if a group of men is selected according to
these criteria, there appears in that group a very
significant change in threshold. This threshold
represents an expression of increased reaction as
determined by erythema alone.

55. The occurrence of edema and/or folliculitis
definitely represents an altered response in some of the
men following chamber exposure and probably indicates
a more intense response. As to whether this edema is
caused by the same mechanism as the urticaria observed
in other patch tests for other hypersensitivities or
as to whether it represents merely a more intense
response to the vesicant action of H, being analagous
to the prevesication edema observed following exposure
to H, cannot be stated. It is not inconceivable that
the two mechanisms are closely related.

56. It is impossible to comment on the practical
significance of these tests. It can merely be said that
about two weeks after chamber exposure under the
conditions employed, about one-fourth of the men showed
an abnormal reaction to patch tests probably indicating
an increased sensitivity to H. How long this sensitivity
persists or whgt it would mean in terms of combat using
H are questions which would require further tests.
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SUMMTARY AND CONCLUSIONS

1. Doses of 1, 1/2, 1/4 and 1/8 micrograms of H
in mineral oil, worn as closed patches on the forearm
for four hours, represented a satisfactory subvesicant
level for determining altered sensitivity to H.

2. The total reactions to patch tests on previously
unexposed men showed a marked variation proportional
to the outdoor effective temperature at the time the
patches were worn.

3. Edema and/or folliculitis were observed in only
2 of 230 men previously unexposed to H vapor. On the
other hand, of 169 of these men, tested after chamber
exposure to H vapor, 44 (26%) showed edema and/or
folliculitis on patch tests. These 26% were arbitrarily
designated as "sensitized" and the others as "non-
sensitized" .

4. The "sensitized" men also showed a more intense
erythema or reaction to any given dose and also showed
a lowered threshold for the appearance of a faint
erythema as compared to the "non-sensitized' men.
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RECOMmENDATIONS

1. It is.reconmended that if, in the future, any
program be initiated in which men are exposed to H

under controlled conditions, that some type of pre-

and post-H-exposure sensitivity tests be performed.
The test presented in this report is suggested as
one such possible test.

2. It is recommended that the effects of temperature
and humidity on the responses to patch tests of any
type be given more consideration than they have in
the past.

1*
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22

3

3

1

3

3

3

2

2

3

2

3

3
2
2

2

3

3

3

2
2
2

2
2

2

2

1

2

2

31

2

2

2

2

2

2

1 2 1 1 1 1

2

1

l
1

s-13 80* L 2 1
8 8 2
84 2
8 i 1
8 8 2
8 4 1

8 2
8 1 2

84 1

8 '4 2
84 1.
84 L
88 2

842 2

84 1

8 4 2
-oo tea
84 2

e11 8-27 69' 4, 2
212 L,
215 4421 84L
a1l 4 2
216 2 2
217 41
218 8 1
219 1
220 1
221 8 2

223 4 1
M2 8 4
225 8 8
2ý26 4 1
227 2 2
220 8 4
229 L 4
2304 2231 4 2
232 8 2

234 1 e2

* Iioral Saj) . th. .-nb-r or Cay. tro lo-t ott- oeu. tofloa patob t.at (-ot tha latn.-I botason pate tart.).

2 1

2

2

L

2
2

2

15
16
16
16
16
15
15
15
16
23
12
11
10
9

10
120
1 7
17
17
12
11
9

17
17
17

1 7
17

19

7-18 7 08 27-19 160 1 8

p T
84

7-1S 720 1L I
84L
4 2

8-6 5 8 4
7-19 760 16 i6

8 7
7-18 720 8 4

16 8

84

7-2- 85° 8 28 8
4

7-29 76*0 8 L
7-18 72*08 2

16 16
7-36 850 8 2
8-27 660 8 4

82
8 21 2

822fi•'n 8 4
n- final

7-2 s6 a 4
B 2
4 2

0 1

a 4,8 4
a 4
8 4
5 4
8 4

1 
4
4 4

8 4
8 4
8 4
8 48 4

8 2

a h

48

8 4
8 4
5 2

h, 2

8a4
8 4

8 2

4 4
5 8

42
84

8 4
8 4

488

e42
84
44

842
88a

2

2

2

2

16
16
16
16

13

14itIL
1L5

15
15
15

114

1

2

4

1

2

1

9-5 76*a 2
4 2

844
641
e44

e84
4 2
8 2
8 4

16 16

16 8

so ftia

2
2
2

2

2
4

1
2

2
2
4

2
2

1
2
22

2

1
2

2

1

4

2

2
2
2

1

2
2

2
2

2

2
2
2
2

2

16

4

I

17 8-"7 a80 4 8
17 8
17
17 2
17 1 2

17 4 2
17 L 2
17 1
19 8-"9 830 1
1i 8-27 6 8 8
13 4 8
13 2 14
15 8-29 830 4 1
13 8-27 87 8
13 8 1
15 8-7 830 8 8
2 8-7 870 8 8

15 8-72 83: 4 4
1, 8-27 60 8 4
L 1 6 16

I6 - 16 16
16 8-27 83 S t
22 9-5 76* 8 4

no io1l

2
2

1
2
3

2
2

2

2
2

23

2

2

2

2

2

2
2

2

3

2



TABLE I (continued)

Abbreviations employed for body regions.

no neck

ash anterior shoulders

ax axillae

aarm anterior arms

of antecubital. fossae

parm posterior arms

psh posterior shoulders

s0 scapulae

dth dorsal thorax

lth lateral thorax

vth ventral thorax

uabd upper abdomen

athi anterior thighs

kn knees

al eg anterior legs

pthi posterior thighs

pop popliteal fossae

pleg posterior thighs

P-2760



Suamr" o Data or. ýcn S..ow.ing :0o Evidence of -e..i't zation by Patch Tent.

Cha:.ocr 1,eacion
!aX. Total per A. A.

10

32

19
is
26
31
18
31.
31
24
18
28
39
24
38
27
34
28
30
31
32

Sersi tivity
I F

0.2
1.2
2.3
1.4
1.9
1.3
2.2
1.8
1.6
2.1
,1.

1.7
2.3
2.0
2.3
1.8
2.2
1.9
2.0
1.8
2.1
2.1
2.3
2.4

Draft ".an
Uo. 5o.

75 1
2
3
4
5
6
8
9

10
11
12
14
15
10
17
18
19
20
21
22
25
27
28
29

76 31

33
34
35
36
37
38
40
42
43
44
40
17
54
r5
50
57
F9
60

77 61
62
63
64
67
68
70
71
72
75
70
78
80
82
83
85
86

87

88
89
90

3
3
3

3

2

3

3
33
3
5
3
3
5

2
5
3

3

2
3
3

16
14
21
16
16
11
17
20
15
11
8

11
10

11

2
13TT

2.7
1.8
2.3
2.3
2.7
2.2
2.1
2.5
2.,5
2.2
2.0
2.7
2.5
2.5
1.7
2.2
2.6

3.0

2.0
2.6
1.7

14
7
7
8
8

13
17
11

6
13
14
1i

7
13
15
14
13

11

11
19
15

15
16
14
13
14
8

15
16
14
15
15
15
16
15
11
14
13

15

18
15

7

I p

+'4
+6
+7

.17
0

.8

.9

+3
+15

+8
-3
+6
+2
+7

-3
0
0

-1
0

+13
+9
42
+7

+7
-2

+11
+9

+12
÷b

+13
0

-1
0

+2
+13
+8
+4

+15
+15
+9

+12
.12
+14

+1
+9
+7
+5
+6
-5
-2
+5
+8
+2
41
0
+9
.3
-4

0
0

+4

+7
-4
-8

Threshold
I F f-l

1/2
i/2
1/2
1/2
1/2
1/2
1/2

Li1
1/2
1/2
1/2
1/2
1/2
1

1/2
1/2
1/2
1/2
1/2
1/2
1/2
1/2

1/2

1/2
1/2
1/2
1/2

1

1/2
1
1/2
1/2
1/2
1/2
1/4
1/2
1/2

Li
1
1
1

1/4
1/2
1/2
1/2
1/2

Li /2
LI/4

1/2
1/2

Li /2
1/4
1/4
1/2

Li /

1/

Li /2

1/4

1/2 0
1/2 0
1/4 -1/
1/4 -1/4

L1 /8 -'13/8
1/2 0
1/4 -1/4
1/4 -L3/4
1/4 -1/4
1/5 -3/8
1/4 -1/4
1/4 -1/4

L1/2 -G 0
1/2 -1/2

Li /a -G 0
1/2 -L 0
1/2 0
1/2 0
1/a2 0
1/ 0
1/8 -17/8
1/8 -3/8

Li/a -ý 0
1/4 -1/4

1/2 -LI/Z
1/2 2u/
1/8 -3/0
1/4 -1/4
1/8 -3/C
1/4 -1/t
1/8 -7/8
1 /, -1/I1

1/2 0
1/; -1/4
1/8 -3/8

1/8 -1/6
1/8 -i/s

1/8 -:/8
1/4 -3/4
1/4 -3/4

L1/It -03 /4

1/4 0
1/8 -3/8

Ll /? -G 0
1/4 -1/4

L1/2 -G 0
1/a +G o
1/4 o0
1/ -3/8

Li/aý8 -G 0
1/A -- 1/4
1/4 0
1/4 0
1/8 -3/8
1/4 -1-1/4
1/4 0
1/4 0

Ll1/2 L1!/4

1/4 -1/4

1/8 -/1C
// -0

1/2 +1/4

Effective Temp.*
I F V-I

78
78
78
78
78
78
78
78
78
7U
78
78
78
78
78
78
78
7U
78
78
78
78
78
78

62
62
62
62a
62
62
62
62
62
62
62
62

62

62

62
62
6262

75 -3
75 - 3
75 - S •
75 - 3
79 + 1
79 + 1
79 + 1
75 -3
75 - 3
75 - 3
75 - 3
75 - 3
79 + 1
79 + 1
75 - 3
75 -3
75 - 3
75 -3
76 -3
75 -
79 + 1
79 + 1
79 + I
86 + 8

75 +13
75 +13
79 .17
79 +17
79 +17
79 +17
70 +17
79 +17
79 +17
75 +13
75 +13
79 +17
79 +17
79 +17
79 +17
77 +15
77 *10
86 +24
77 .1l
77 +15

75 79 + 4
75 77 + 2
75 £6 +11
70 77 + 2
75 86 +11
75 ;6 +11
75 77 +2
75 77 + 2
75 77 + 2
75 86 +11
75 86 +11
75 86 +11
75 7j + 4
7L 7G + 4
75 77 + 2
75 86 +11
75 86 +11

75 86 +11

75 86 +11
75 72 - 3
75 69 - 6

P - -760

Table II.

41 - 2.4
0 0

20 1.8
2, 2.2
34 2.1
24 1.7
'12 3.0
' 2.C
36 2.4
31 2.1

6 1.2
34 2.1
32 2.1
32 2.3
20 1.3
43 2.4
41 2.5
44 2.4
10 2.0
17 2.1

Elf

, '�

� '�

I. �'

.� ;�' �
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Table It(oontld)S=,Ary of Da.ta on K:en ,ovdr. ::o LvIdence of LcnsitizaAoxo by 1ialch Tst.

Cýanber Reaction
Jeax. Total Per A. A.

3
0
3
3

3
3
3
3
4
3

3
3

4
5
4
3

braft M an
110. !:o.

78 91
92
96

100
101
102
103
104
105
106
107
108
1il
112
114
115
i19
120

79 121
123
1 4
125
127
127
126
129
130
132
133
135
13X
107
139
139
140
1411

I113

14 1C

10 1U.

147.

153.

193

1!,4.

1L6.

1C3

165
16C

1927
163

170
171

173

45
0

45
33
30
27
41
31

42
36
46
46

331;

23
36
26

0
23
22
24
20

so
35
30
33
27

3C

5z

13

0

7
2

1

4

2

0
0
0
0

0

0

50
40

21

147

-i7

.ensitivity
1 F F-I

2.8
0
-. 0

1.9
2.7
2.1
2.7
2.2
2.6
2.6
3.1
2.9
Z,4

2.8
2.1
2.1

2.2

0
1.4
1.4
1.4
1.6
1.1
1.8
2.2
1.8
1.2
1.9
1.
2.6
2.0

1.6
1.,G
1.0
1-
0
1.2
2.0
1.,
2.3ý
2.0
0

0
0

0
0
0

0

0

3.0

2.5
2.1

2.C
2.6ý

15
8

15
14
15
16
16
15
13
25

14
16
16
i1
16
15

15
7

15
19
14

15

14

1l
14
14
16

1G

15

18
14
11

ii.

I

16
15
is

18
17
13

12
7

20

14

15

24
19i

1 1

16

13

15

22

Ttr- shold
I F F-I

10 -1
11 +3
15 0

4 -10
13 -2
11 -4

7 -9
26 +10
10 +3
15 -10
15 0
15 +2
ii -3
19 -1

19 -1
16 0
16 0

21 .

ii -4
11 .4
14 -I
10 -9

6 -8
16 +1
9 -5
6 -8

13 -Z
14 -0
15 -i
15 -3
is 0
11 -7
20 +6

4 -7
1 0
12 -4
14 -1
14 +2

4 -12
12 -3

9 -0
12 -5
15 -2

17 L5
8 .i
0 -Ii

14 0
4 -11

13 -11
6 b

5 -3

12 -7
18 +3
12 -7
C -7

10 -6
9 -6

10 -5
.Z +10

is +4!
12 +1
C -11

12 -2
9 -1,3

1/2
1/2
1/4

Li /Z

1/4
1l/4

S1/4

Li /z1/4
Li/
I/2

1•/
1/8
1/41/8
1/4

1/41/Z

1/4
1/4
1/4

1/4
1/4

LI /2

1/4

i/s

1/3
I/[
1/4
1/2

1/4
1/c

1/4

1!

Li/c
1/4

1/4

1/,9
1/.-

1/2
1/4•

Li/S
1/4

1 /z.

U/C

1/4

Ll/81/2

1/4

Ll/8

1/4

1/4;

1/

LI /Z
1/8

1/4 -1/4
1 /2 0
1/4 0
1 +l1/2
1./2 +L1/4

I/ I.+3/0
1.1/4 -G 0
Li +i,/2

1/4 .G 0
1/, 0
1/ .1.1+L/4
1I/ +G 0
1l/ .1/0
1/4 .1/8
1/8 0
1/8 0

L1/-! -G 0

1/2 +1/;
1/4 -1/4
1/2 .0/4

L• +1,3/4
i/8 -1/o
114 0
1/2 +1/.;

Li/z +0
1/4 0
1/4 .1/:
1/4 .1/13

LI -LI/o

Li +1.1/2
1/ 0
1/4 /
i /C o

1/', ,i/
i /-1

1/4 0
1/2 1 /,

1/4 -,I0

Li It +1/2

Li .7/A

1/Z +1/4

i1/4 0o/LI/1- +11,
1/4 0

I/-i 0

S/-z 0

LI +1/2
LI/2 --L1/4

Li.14.+L1/1

LI/2 -LI
LI/Z -. /4

L1/4 -1 0/

L1/2 +1_ I-

1/4 0
1 /.1 0

Li /2 +Li /4

uLi/.a o

LI/ oL 2 +LT/o

* Cl.°,r t 'c t'.t '3,3 - ; r- ild . '1 ct!on.

P-2760

E3

":.ffo•-iAe Temp.
I k' I-,:

70 69- -10
70 72 - 7
79 72 - 7
79 69 -10
70 69 -10
79 69 -10
70 60 -10
79 60 -10
7D 69 -10
7) 72 - 7
79 69 -10
70 G9 -10
7, 72 -7
79 7Z -7
70 72 -7
7h 72 -7
79 85 + 6
79 72 - 7

ýl6 72 -14
6C 76 -10
S6 76 -10
8C 76 -10
36 72 -14
86 72 -14
16 72 -14
p6 76 -10
86 85 - 1
V6 76 -10
56 72 -1 -,
LG 72 -14
66 72 -14
00 85 -1
8_ 8C - 1

.G 76 -10
90 72 -1•-
.6 .5 - 1
"8: b6 -19
-6 LX -I1
I. •3 -19

99 .-8 -17
-17

t; 3 -17

FK 6 -17
E . -17
6' CIS -17

ti 60 -17
8 3i -17

-17c. -17
-17

6L 63
C, - -17

U CE -17
--E -17

85 83 -2

C,, b, -17
14. 93 - 2*, ' -17
4. CE -17

-1 7

* �

I
'7;

2'

44 1

7

V

:2; �



Table II (cont'd)Su--nary of Z);a on .icn ý.o:in No O--jdence ou 1enniinzation by Patch Test.

Draft .:an Chaiber Reaction
N~o. 71o. M.ax. Total Per A. A.

80 175
176
177-
178
179
180

81 181.
182*
183-

184.
185
186
187
188
189
190
191
192
194
"199
200
201
202
203
204
205
206
208
210

82 211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
22C
Z27
228
220
230
231
232
233
234

3
4
0

0
2
2
2
3
2

3
3

42
44

0

0
8
6

16
23
32
14
45
36
56
23
34
30

Sens tivity Threshold
I F F-I I F X-I

2.5 16 16
2.9 16 15
0.0 16 -

- 20 -
- 10 -
- 19 -

0.0 7 7
1.6 18 8
1.5 14 14
1.8 17 6
2.6 o20 1
2.1 13 14
I.F 16 14
2.8 16 8
2.4 . 14 16
2.5 18 12
1.8 15 9
2.3 13 14
2.3 19 13

14
- 20
- 14
- 12 -
- 13

18
15 -

-16 -

1 .13

9 -

4
10
15
9 -

5 -

10
7 -

6
6

16 -

17
6
4

14
14

9 -

9 -

12 -

12 -

3 -

0 1/8 1/8 0
-1 1/8 1 /- 41/

1/8 -

1/4 -

0 1/2 1/2 0
-10 1/4 1/4 0

0 1/4 1/4 0-11 L1 /Z LU *1/2
-10 1/8 1A/ +1/8
+ 1 L1/2 1/4 -L1/4
-2 1/8 1/4 -1/6
- 8 1/8 1/4 -1/8
+ 2 11/2 1/8 -1,3/8
- 1 /12 1/4 .•1/4

-6 1/4 1/4 0
+ 1 1./2 1/4 -L1/4
-6 1/i 1/4 0"- 1/4 - -

- Il/2 -

- 1/8 -
"- 1/4 "

1/4
- 1/2 -
- 1/4 -- 1/4 - -
- 1/8 - -

1/4LI/2

1/4
L 1
'A
1/2

L 1"
L -

-1/ - -

L1/2
L 1

S1/2
1/-

" l/4
- 1/2 -
- 1/4 -

- 1/2 - -

Effective Temip.
I F F-I

85 8 - 2
85 76 -0
85 - -

85
85
85 - -

80 76 - 4
80 75 - 4
CO 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 - 4
80 76 -4

30

ZJ

u

'0 -

69

69

6O -

Cs -

,.c.,

Cl, -

(3-,

P- 2760
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Summary of Data on Men ShowinZ Evidence of Sensitization by Patch Test.

Chamber Reaction
Max. Total Per A.A.

5
3
3
3
3
5

3
3
3
3
3
3
5
5
5
3

3
3
3
3
3
3
3

2

3
3
3
3
3
3
4
3
3
3

5
3
3
4

35
29

33

38
40F7Z
IT

47
56
54
55
46

20
22
1I7
24
15
16
11
9
5

43
48
50
41
36
48
38
42
45
4,3

t0

29
28

2.5
1.8
2.15
2.1
2.1
2.3

Sensitivity
I F F-I

7
7
4
4
9
6

2.2
2.5
1.9
2.9
2.7
2.6
3.1
3.0
3.0
2.6

15
5
7
7
8
7
7

11
8
5

2.5
2.8
2.3
2.7
2.1
2.3
2.2
3.0

1.3

12
14
11
&

14
15
7

13
13

2.7
2.7
2.9
2.7
2.6
3.0
2.9
2.5
2.4
2.5

12
15
16
15
10
16
16
15
15
13

2.9
1.8
2.1
2.0

10
17
15
14

64 +57
17 +10
40 +36
56 +52
44 +35
50 +44

29 +14
56 +51
30 +23
64 +57
52 +44
38 +31
56 +49
64 +53
49 +41
24 +19

40 +28
35 +21
21 +10
41 +35
29 +15
4V +33
30 +23
32 +19
23 +10

35 +23
48 +33
52 +36
42 +27
26 :16
56 +40
52 +36
23 + 8
19 + 4
38 +25

35 +25
41 .24
27 .12
64 ÷50

Threshold"I F I-I

1/2 U./8 -G3/8
1/2 L1/2 -o 0
1 u. /B -C-7/8
1 1.1/8 -G7/8

1/4 1 - /8
S 1/8 -7/8

1/4 L1/4 -G 0
1/2 U/8 -G3/8
1/2 1/8 - 3/8
1/2 u/p -G3/8
1/4 1/8 -1Ll/8
1/2 ./8 - 3/8
1ý/2 L1/8 _G3/8
1/2 Li/s _G3/8
1/2 Ll/4 -G1/4
L.1 u/2 =1/2

1/4 U.1/8 -G1/8
1/4 1/4 0
1/2 1/4 -1/4
1/2 1./4 -G1/4
1/4 L.1/4 -C- 0
1/4 Ll/4 -G 01 /8 -3/8L 1/2 L/s -:/8

L. 1/2 i/4 -U/4

1/4 1/4. 0
A/ L.1/4 -GO,

1/8 Li/8 -GO
1/4. 1 /s -1/8
1/4 1 /4 0
1/8 Li/8 _-00
1/8 Li,/8 -GO
1/ý4 1/,! 0
1/ 1/4 0
1/4 1/8 -i/s

1/2 1/4 -1/o
L1/4 1/4 0

1/4 1 /4 0
1/4 1L1/8 -G1/8

Effective Temp.
I F F-I

78' 79" +3'
78' 75' -3'
78 " 75' -3 °

78" 756 -3'
78' 79* -+1*
78* 77' -18

62' 750 +13.
62" 79' +17'
62' 79' +17*
62' 79' +17'
62 79W +17'
62' 77* +15"
62' 86' +240
62, 72 +€I0
62' 76' +141
62* 86* +24'

750 77' + 2'
75' 866 +11'
75' 77' + 2'
75' 86* +11Z
75' 86' +11'
75' 85' +11'
75' 79' + 4'
76' 79o + 4'
75' 770 * 2 o

79' 72' -7
70' 72' -
79' 72' -?
79' 72' - 7'
79' 09' -1c
79' 72' -
790 760 -

79' 76' - 3'
79' 76' -
79' 76* -3'

66* 76' -10'
866 76' -1(
c60 72' -1:,
66' 72' -if

CO .28 1/8 1/8 0
be +12 Li/2 Li/8 -3/8

16 - 1 Ll/4 L1/2 +1/4
50 +36 1/4 1/I -1/I
40 +24 1/8 1.1/4 -Li/s

85' r85 -iT
85' "8' -it

80' 76' -
J0O 76* -

80' 76' - 4!

P-2760

Table III.

C:

�J,.

Draft Man
No. No.

78 7
13
23•24
26
30

76 39
41
45
48
49
50
51
52
63
58

77 65
66
69
73
74
77
79
81
84

78 93
94
95
98

109
110
113
116
117
118

79 122
131
134.
142

80 172
174

81 193
195
197

3 20
4 39

2.2
2.4

22
14

3
3
3

27
35
24

2.1
1.9
1.8

17
14
16



Table IV. Total Reactions to Final Patch Tests (Fx values)•

Draft
Io.

75

76

No.

7
13

Ma

24
26
30

39
41
45
48
49
60
51
52
53
58

65
66
69
73
74
77
79
81
84

77

78 93
94
95
98

109
110
113
.16
117
118

79 122
131
134
142

80 172
174

81 193
195
197

Uverall Average

Reaction Average

32
13
28
32
22
26

21
32
22
32
26
22
32
32
25
16

28
19
19
25
21
24
22
24
15

19
24
28
26
18
32
28
15
15
22

19
21
19
32

26
32

12
26
20

29

19

23.7

P No extra value added for edema or folliculitis.

P- 2760
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icr-

"Table VI. Second Pro-exposure Patch Tests.

Draft Man First Pre-exposure Pasoh Test Seoond Pro-exposure Patch Test
"No. No. Date E.T.* 1 1/2 1/4 1/8 Tot. Date E.T. 1 1/2 1/4 1/8 Tot.

179 145 7- 2 86
146
147
148
149

151 7-26 85
152
153
154
155
156
157
158
159
160
161
162
163
164
166
166
167
168
169
170
171
172
173
174
175
176
177
178
180

Averme

8 4
8 4
8 4
8 4
8 4

4 4
4 2
8 4
8 4
8 4
8 8
4 2
8 4
4 4
8 8
8 4
a 8
8 4
8 4
8 4
8 4
8 4
8 4
4 4
8 8
8 4
8 8
8a8
8 4
8 4
84
8 4
8 8
a 8

4
2
2
4
4

2
1
1
2
1

17
15
15
18
17

8- 7 78 8 4
8 4
8 4
8 4
8 4

2 12
7

4 20
1 14
1 16
4 24

8
14

8
1 19
1 15
1 19
1 15
2 16
1 15
1 15
1 15
1 15
1 11
1 19
1 14
2 22
2 22
1 14
2 16
2 16
2 16
2 20
1 19

8 4
4 2
8 4
8 4
1 1

8 4
4 2
2 1
8 2
8 2
8 4
8 2
8 4
2 2
8 4
8 2
8 4
8 4
4 2
8 2
8 4
8 4
8 4

16 4
8 4
8 8
8 4
8 4
8 2

15.8

p - 2760

.80

2
4
2
2

.2

1 15
16
14
14
14

1 15
1 9

14
14

2
1 15
1 9

4
11

1 13
1 15
1 13

16
6

1 15
1 13

14
1 15

8
12
14

1 15
2 16

22
1 15

20
1 15
1 15

12

13.2

Irp

1*'

I , -S

I *1

4"

4



TABLE IX. Percentages of men reaoting to a given -ose.with intensity of 2 or more.

woo
MenGroup

NONSENSITI ZED 125

Toot

initial

Test Dose
1 1/2 1/A 1/8' 1A6 *

loci. 96% 57% 15

125

SENSITIZED 44

Final

initial

44 Final

100% 99% 77% 22%

100o 95% 61% 16%

100% 100% 100% -73%

* Although 'a dosage of 1/6 microgram H was not used, if at 1/8 a man reacted with
a greater Intensity than 2 (mild erythema), his threshold was arbitrarily con-sidered as 1Ai .

** This represents a summary of the
on Plate 13.

data in T le VIII and has been plotted

P-2760
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51 OND PRF-FXPOS/F,
FADI NGS F•AFE 8 4

THE FERYTHE IA NVAS

P I C TUiE.

F iG.

,F PA4CH TEST ON; SUBJECT 163. E.T. 7H9 F.

-40. FIRST PRE-EXPOSUPE TEST HAD BEEN 8-4-2-1.

ONSIDFRABLY . E INTENSE THAN SHOWN BY THIS

PLATE(' N I (FI N] T A L

,ý W7,



FIG. 2

JUJKlQFCT K.W. 24 HOURS AFTER PATCH TEST. E.T. 780 F.

O A[DINGS AT 24 HOURS WERE p6-16-16-8; 48 HOURS, 16-16-16-4.

NO O(THPE INDIVIDUJAL SHOWED A TEST AS STRONGLY POSITIVE.

KW., A CHEYIST, HAD SUSTAINED ABOUT 15 MINOR BURNS FROM H

UI) IN-. A T YEAR PERIOD, ABOUT I0 OF WHICH WERE ACCOMPANIED

FiY \FSlICATION; AND HE WAS AWARE OF AN INCREASING SENSITIVITY

TO H. HF HAS NO KNOWN HYPERSENSITIVITY TO OTHER SUBSTANCES,

NO AI LEODY 10 FOOD, NO HAY FEVER.

PLATE 2

I

(:I )I[) ýýI IA L

I,

* 1.

* p
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FIG. 3

SAME SUBJECT AS SHOWN IN FIG. 2 BUT PHOTOGRAPHED SO AS TO

EMPHASIZE ERYTHEMA RATHER THAN EDEMA.

CONF IDENl AL
PLATE 3



FIG. 4

SjBJECT 878 WORE 1½ LAYER STANDARD CC-2 IPREGNATED SUIT

PLUS CC-2 IMPREGNATED SHORTS FOR 4 EXPOSURES TO H VAPOR AT

CT 1200, 900 F., 65% RH. 24 HOURS AFTER THE LASF EXPOSURE,

HE MANIFESTED A GENERALIZED MACCLOPAPULAR ERYTHEMA WITH MARKED

FDFMA. PICTURE TAKEN 5-5-45, 4-8 HOURS AFTER THE LAST EXPOSURE.

(NOTE THAT THE INTERSCAPULAR ý,REA, SUBJACENT TO THE

CANNISTER OF THE NAVY MASK, WAS SPARED.)

PLATE 4
CONF 1DENT IAL



FIG. B

SAMiF SU3JFCT 'NAS IN FIG. 4. NOTE THE MARKEDLY PAPULAR CHAR-

ACIF OF THE RASH ON THE ANTERioK THIGHS A\D THE SPARING OF

THE A4FAS COVERED BY THE MPREN\ATED GLOVES, SHORTS, AND SOX.

SOME DEGREE OF PROTECTION WAS AFFORDED BY THE UN.MPREGNATED

SKIVVY SHIRTS.

S..... ....... . .tPLATE 5
•UNF IDFNTI IAt,



FIG. 6

'AýIF SI-,EjFC1 AQ IN FIGS. 4 A",ID 5. CLOSEJz OF THE ANTERIOR

510 LDFR ,HO'/ NG THE MACULOPAPUL'AR RASH. TAKEN THI SAPE

TIF AS FHE OTHER PICTURES.

CONI I DENT AL PLATE 6
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FIG. 8

SUBJECT 515 WORE DUNGAREES AND CC-2 IMPREGNATED SPORTS DURING
ONE EXPOSURE TO H VAPOR AT CT 600, 600 F., 65W DH. THE PICI-URE
WA" TAKEN 1-19-45, 8 DAYS AFTER EXPOSURE, AND SHOWS A MACULO-
PAPITL.AR ERLPTION OF THE ANTERIOR SURFACE OF THE THIGHS.

CONFIDENTI AL PLATE 8
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